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approach 

Form a cohesive focused interdepartmental faculty and student 



Insure coordination by working with NASA CSI field centers. 

Enable technical transfer by actively involving industrial 
participants. 
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MAJOR INTERACTIONS WITH GOVERNMENT 

AND INDUSTRY 
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Guest investigator on ASTREX facility (LaRC, AFAL) 

R ® s ® ar A c h/unding to develop robust active vibration suppression 
of the AMASS program (TRW). 


government, industry personnel at 
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Schematic of a two dimensional interferometer 
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Decision made to address only a subset of the DPL problem. 
Errors due only to internal flexible motion will be considered, that 
due to external flexible and rigid body motion are not measured. 
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The performance metric as defined by internal flexible motion is 
measured by laser legs AF, BF, and CF. The performance goals 
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Disturbance Signal (con't): 

- Signal representing RWA spike envelope which increases with 
the square of the frequency up to wheels speed limit at 70 Hz. 
Some tail on the spectrum due to harmonics. 
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Testbed Architecture 
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Interferometer Finite Element Model 
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Testbed Mode Shapes 
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Testbed Mode Shapes 
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1 Frequency and Damping Comparison 
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Procedure effectively fits hundreds of transfer functions. 
Results good enough for control designs. 
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Preliminary LAC Experimental Results 

Single collocated rate fe edback loop closed around active 
strut to demonstrate active damping. 
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Four Test Configurations of the STA 



Sensors and Actuator 

Sixteen sensor channels arranged and conditioned as full-bridge resistive gages 
- four strain gage pairs located on one face of adjustable preload bay 
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Preliminary Results 
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Summary Preliminary Results 

- More benign nonlinear behavior than observed on eart 

- Modal damping ratios and frequencies different from 
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Earth: Water in a Flat Bottom Tank 
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Water in a 3.1 cm Diameter Flat Bottom Tank 
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MIDDECK ACTIVE CONTROL EXPERIMENT (MACE) 
Development Model Lab Testing 

(Flight unit will have smaller torque wheels and gimbal motors) 
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FUTURE DEVELOPMENT MODEL WORK 
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GRAVITY AND SUSPENSION INFLUENCES 
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perturbations to the sensor and actuator performance 
depending on their location and the extent of the perturbation 
to the structure. 



MODELLING OF GRAVITY AND SUSPENSION 
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etric stiffness theory and initial static 
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especially important at low frequencies but are only significant with 
near-horizontal oriented devices and at those points where the 
rotations are large with respect to the displacements. 



MODELLING GRAVITY’S EFFECT ON 
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Similar expressions hold for the effective input of a PMA mounted to a 
beam in bending and torsion vibration. 


APPLICATION TO MACE 
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• Realistic statistical model of uncertainty 

(accuracy characteristics are received in the state-space model with 
"separated” noises in sensors and actuators) 
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Simulation of identification and robust control processes for MACE 

(important for confirming conveyance of parameter estimates to 
"true" ones) 
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CONTROL LAW DESIGN METHODOLOGY 
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WIND TUNNEL EXPERIMENTS 
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Sensor and Actuator Placement for Robustness 
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SensorlActuatQL Selection for Robustness 
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Representine the Uncertain System 
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Analytical sample problem: cantilevered beam 
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More insight can be gained on the physical significance of the 
terms by using a piezoelectric circuit analogy. 


The piezoelectric transformer analogy is useful for determining 
the physical significance of the terms. The piezoelectric element 
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Simple Circuit Inwj^mej^ 



Also possible to implement simple strain sensing circuit by 
measuring applied charge rather than current. 
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Tip displacement/force input with “sensuator” loop closed 
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Retrofit of sensing capability on existing actuator systems 
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Nonlinear Actuation Models 
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Ongoing work in three areas: 
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OUTLINE 
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WHAT IS INPUT COMMAND SHAPING? 
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IMPULSE COMMAND SHAPING ASSUMES 










lt> © m o m © 

^ ^ ^ ^ 

o © © © d d d 

(ui) uoqisoj 


a 

« 

GO 


•«*» 

<u J 2 
JS 3 

3 CU ’’** 

a P w 

A 4 -h 3 

o o & 
~ o £ 

<D 'O I— « 
«2 3 <4-1 
£.30 
Or*. 

QJ • f-h 

Qd S H 


o 

C _ 
<3J> O 
3 \S 
Q* 03 
<D 

U t “ M 

tU 60 
— c 

2 Pi 

B B 

03 03 

Z Q 

e e 

<D <D 
•*— » +- * 

C/3 C/3 

>» 

CO CO 


^ 3 ^ 


Space 'Engineering ‘Research Center 





Space ‘Engineering % search Center 




AN EXPRESSIONS FOR THE AMPLITUDE 
OF RESIDUAL VIBRATION. 
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TO ELIMINATE RESIDUAL VIBRATION, 
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WE CAN EXTEND THIS METHOD TO 
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These four equations are repeated for each mode 


AN EXAMPLE SOLUTION OF IMPULSES 
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RESPONSE TO INPUTS FOR A SIMPLE 1 
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DISCOS MODEL OF MACE. 
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IDENTIFIED CLOSED LOOP FREQUENCIES 
(NON-LINEAR DISCOS MODEL) 
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ENDPOINT RESPONSE TO SHAPED SLEW 
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SHAPED RESPONSE DETAIL 
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RESPONSE DETAIL FOR SHAPER WITH 

ADDITIONAL MODES. 
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Verification of predicted suspension modes in progress 



PRESSURE ACTUATOR WITH 
VISCOUS FLUID DAMPING 





a 

/-s 


T3 

CO 

c n 

be 

QJ 


P 

p 

P 

P 

+3 


03 

0 

rH 

co 

O 

• 1— 1 

-+j 

ca 

4-3 

• pH 

0 

•1— 1 

T3 

jP 

O 

m 

• r-t 

p 

p 

03 

P 

03 

S 

p 

CJ 

03 

p 

0 

O 

u 

4-3 

X 

• rH 

fl 

T3 

CO 


« 

5 c 

Jh p 

« o< 
03 

03 ctj 


P ^ 

o be 


.2 s 

g -2 

co P 
efi .5 

0) rP 
Ph Q) 

T3 9 
CD M 

*3 * 

£ 2 

§ 5 

o a 


S | 

§ *8 


Sii2 
'm C 

<D 03 

t> p 

g & 

•2 g 

gj 

§•§ 
a M 
bX)r2 

+> g 

CO • rH 

U 4f 

<P ‘C 
_, o 

o 12 

+* s 

>> ^ 
Fh 03 

O ^ 

03 03 

rP ^ 

^ CO 

- 

O Q) 

p.s 

O CO 

• pH 

+3 > Jh 
03 O 
O -H 

• *— ! 03 

u p 

» o 
<3 03 


P 

03 >> 

° > 
03 03 
H o 


43 03 
O £ 
. cej P 

CO 

p co 
P P 


'g 2 
« a 

S'S 

• pH pH 

co 

03 

qS 


CO 

P _g 
be ^ 
'£ 03 


p p 

.2 

4f P 
03 p 

rrt 

S s 
a-w 

aa § 

£ a 

C4-I *H 

o CO 

.2 'S 

>> § 

§■■§ 
o3 ?h 
_, <D 

5 03 
co be 

s'H 

• f-H 

4^ o 

CO o 
03 03 

H GO 


— Incorporation of actuator into a controlled truss structure 
STATUS: Initial component design completed 
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* G22 is an electrical impedance which exhibits the com- 
bined effects of the piezo capacitance and the structure’s 
dynamics. 
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Passive Control: Spangler, Hall (cont.) 
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END-POINT CONTROL OF FLEXIBLE 
MANIPULATOR ARMS 
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Simulation of planar, two-link flexible manipulator has been 
created. 
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Extensions to tracking control and to controllers with robustness to 
parameter uncertainty seem possible. 



